Salt tolerance, salt accumulation, and ionic homeostasis in an epidermal bladder-cell less mutant of the common ice plant, Mesembryanthemum crystallinum.
The aerial surfaces of the common ice plant (Mesembryanthemum crystallinum L.), a halophytic, facultative Crassulacean acid metabolism species, are covered with specialized trichome cells called epidermal bladder cells (EBCs). EBCs are thought to serve as a peripheral salinity and/or water storage organ to improve survival under high salinity or water deficit stress conditions. However, the exact contribution of EBCs to salt tolerance in the ice plant remains poorly understood. We established the first large-scale mutant collections generated from fast-neutron irradiated M. crystallinum seeds and the phenotypic characterization of an EBC-less mutant has been investigated. Materials and methods M 5 plants were used for this study. The plants were cultured by Hyponica hydroponic system and grown in greenhouse conditions (27°C day and 23°C night) at the Kyushu Electric Power Company, Inc. (Saga, Japan). NaCl was added to the culture solution when plants were 45 days old. Dry weights were determined after drying tissues in an 80°C oven for 2 d. The Na + and K + content of the solutions were determined using an atomic absorption spectrophotometer (Shimadzu, SPCA-626D, Kyoto, Japan). The contents of bladder cells were collected into a small glass capillary, and the ion contents in bladder cells and tissues were determined by ion chromatograph (Dionex, BioLc).
Results and discussion Dry weight gain of aerial parts of the mutant was almost half that of wildtype plants after three weeks of growth at 400 mM NaCl (Fig. 1) . The mutant also showed reduced leaf succulence and leaf and stem water contents compared with wildtype plants. Aerial tissues of wildtype plants had about 1.5-fold higher Na + and Cl -content than the mutant grown under 400 mM NaCl for 2 weeks (Fig. 2) . Na + and Cl -partitioning into EBCs of wildtype plants resulted in lower concentrations of these ions in photosynthetically active leaf tissues than in leaves of the EBC-less mutant, particularly under conditions of high salt stress (Fig. 3) . Potassium, nitrate, and phosphate ion content decreased with incorporation of NaCl into tissues in both wildtype and mutant, but the ratios of Na + /K + and Cl -/NO 3 -content were maintained only in the leaf tissues of wildtype plants (Fig. 4) . These results clearly show that EBCs contribute to succulence by serving as a water storage reservoir and to salt tolerance by maintaining ion sequestration and homeostasis within photosynthetically active tissues of M. crystallinum. 
